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I. INTRODUCTION.

The development of the*art of telephony necessi-
tates frequent re-arrangements and modifications of
plant, and an operation of first magnitude to the tele-
phone engineer is that of the transfer of a large group
of subscribers' lines from an exchange or exchanges in
operation to another exchange prepared to receive them.

To transfer the actual switching apparatus, intact,
from one position to another is impracticable without
causing considerable dislocation of the telephone
service, and such an operation need not be considered
because the early obsolescence of telephone exchange
plant usually dictates the displacement of the old
plant by modern equipment. Therefore a transfer is
generally accompanied by a change in the system of
working, also by displacement of certain overhead
by underground plant, or by an extension of the exist-
ing underground system. These changes introduce
complications in the extended series of operations
associated with the transfer.

The change of system most frequently to be dealt
with in this country is from magneto to central battery
working, with lamp signalling, and the work associated
with such cases has become more or less standardized.

The scope of this paper has been confined as far as
possible to operations for actual transfer, bat con-
sideration has also been given to engineering processes
which, although not necessarily essential to the trans-
fer, customarily accompany the work.

It has been assumed that the whole of the new ex-
change plant is satisfactorily installed and has been
tested out as provided for in the specification under
which it has been erected.

Broadly considered, transfers may be effected in
three ways, as follows :—

(a) By transferring each line independently,
(6) By transferring the subscribers in groups,
(c) By transferring the whole of the lines at one

operation.

Method (a) possesses certain commendable features,
but traffic considerations unfortunately preclude the
adoption of this method which necessitates difficult
and costly traffic arrangements modified at intervals
as the transfer progresses.

Method (b) has similar, although less serious, ob-
jections to (a), the traffic and operating arrange-
ments requiring modification after the transfer of
each group is accomplished.

Method (c) is the one usually adopted. From a
traffic point of view, difficulties are reduced to a mini-
mum ; the actual operation can be carried out ex-
peditiously—the time taken being a matter of seconds
—and a period can be selected for the change when
it is known that the traffic will be at a minimum and
when the least possible interruption to the service
will ensue.

II. LINE PLANT CONSIDERATIONS.

The subscribers' lines to be diverted must be dealt
with in such a way as to render each line available
for simultaneous connection to the new exchange when
the circuit is severed from the old. The relative situa-
tions of the old and new exchanges and the lay-out
of existing line plant will largely influence the arrange-
ments for the transfer.

It has been assumed that the lines are led into the
exchange by means of underground cables. It will
be necessary to install new cable plant from the new
exchange to one or more suitable points where the
lines affected may conveniently be tapped. These
points may be situated as follows:—

(a) On the existing main underground routes;
(b) On the existing overhead lines;
(c) At the old exchange.
Existing conditions will to a large extent govern

the line-plant arrangements to be adopted in effecting
a transfer, but four typical examples have been selected
and are shown in Fig. 1.

(a) Lines teed underground.—Fig. 1 (a) exemplifies
one of the simplest arrangements. New cable plant
is provided between the new exchange and a point
" T " conveniently located on the existing cable system
at which the whole of the lines are available. At this
point teed connections are made, thus linking the
circuits to the main distributing frame of the new
exchange. Although one teeing point only is shown
in the example, several points may be selected accord-
ing to the lay-out of the underground plant.

(b) Lines teed underground and overhead.—It may
be required to open up one or more new distributing
points on the open line system concurrently with the
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transfer. Fig. x (b) illustrates such a case, where, in
addition to a point T situated in the underground cable
system, teed connections are also made at points
(marked Y) on the open line routes.

Lines teed at old exchange.—Generally speaking,
the tapping of the existing lines at the old exchange
is undesirable, in consequence of the difficulty in avoid-
ing interruptions of the working lines when cutting
them out of the old premises after the transfer. There
may be instances, however, where this measure may
fee necessary with some, if not all, of the lines to be

services until they are transferred, increases with the
distance between the two exchanges and unfortunately
precludes the adoption of this method in every case.

The arrangement is illustrated in three stages in
Fig. i (c). In the first stage the existing underground
plant is shown associated with the old exchange. New
cable plant is permanently installed between the new
exchange and a point (or points) situated upon the
existing underground system (marked x in the dia-
gram), and cable accommodation must also be avail-
able between the same points sufficient to accommodate
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FIG. I.—Examples of Exchange Transfers with varying Line Plant Conditions.

transferred in order to avoid teeing at some less suit-
able point outside.

(c) Lines diverted via new exchange.—If the dis-
tance between the old and new exchanges is not ex-
cessive, it may perhaps be an economical proposition
to divert the whole of the subscribers' lines into the
new exchange and thence to extend them temporarily
to the old exchange. In this case the point at which
the lines are teed will be situated at the main distribut-
ing frame of the new exchange. This arrangement
possesses decided advantages and greatly simplifies
and facilitates the operations to be performed both at
the transfer- and afterwards; but the cost of provision
of the circuits between the old and new exchanges,
for the purpose of accommodating the subscribers'

the whole of the circuits until they are transferred.
The circuits are then diverted at point x through the
permanent cables to the new exchange, where they
are cross-connected on the main distributing frame
and conveyed to the old exchange inthe most economical
manner possible, existing plant being utilized between
point x and the old exchange. It may be practicable
to utilize some of the spare cable plant provided for
future development between the new exchange and
point x and so save the cost of providing entirely new
cables.

This arrangement is a highly satisfactory one and
possesses the following important advantages:—

(i) Elimination of external teeing points and con-
sequent immunity of faults from that source.
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(2) Alterations to working circuits after transfer
reduced to a minimum.

(3) Severance of the old from the new plant auto-
matically at transfer, and possibility of trouble arising
from old plant left in circuit removed.

(4) All tees assembled at one perfectly safe point,
affording facilities for their prompt removal.

(5) Transfer operation conducted wholly in the
apparatus room of new exchange.

(6) Cost avoided of possible renewals to old plant
to be afterwards discarded.

(d) Arrangement when line plant between exchanges is
limited.—When the distance between the old and new
exchanges is considerable and the circuit capacity of
the line plant is necessarily limited, it may be advisable
to have recourse to the method of transfer illustrated
in Fig. 1 (d). For explanatory purposes the subscribers'
lines may be regarded as being divided into two equal
groups, say, A and B, these groups bein^ respectively
served from distributing points Nos. 1 and 2 in the
diagram. Group A comprises those lines which pass
by or near to the new exchange on their way to the
existing exchange, and group B those lines serving
•ubscribers situated on that side of the existing ex-
change remote from the new one. Arrangements are
made such that the limited line plant between the
two exchanges serves—

(a) before the transfer to carry those lines comprised
in group A;

(b) after the transfer to carry those lines comprised
in group B.

This necessitates the lines in group A being diverted
before the transfer so that they pass through the new
exchange. After the transfer, group B of subscribers'
lines must remain passing in and out of the old
exchange until cut out by subsequent re-arrangement
of the underground plant.

In the diagram, stage 1 shows the arrangement exist-
ing before the transfer, also the new exchange with
new underground plant installed to a suitable point
(marked x) on the existing underground system. Stage
2 exemplifies the diversion of the lines comprised in
group A through the new exchange. Stage 3 shows
the transfer completed, the underground plant immedi-
ately affected by the closure of the old exchange
adjusted, and the discarded plant removed.

The following disadvantages are inseparable from
this method :—

(a) The operations associated with the elimination,
after the transfer, of the working lines from the dis-
carded exchange and the re-arrangements of under-
ground plant which ensue in that vicinity, are con-
siderable.

{b) The operations required to effect transfer are
increased in number.

(c) Risk of interruption to the service in consequence
of the complicated nature of the arrangements is
inevitable.

(d) Fault testing and localization during the con-
tinuance of the temporary arrangements are hampered.

Four typical schemes for transfer, in so far as line
plant is concerned, have been dealt with. Although
it is advisable tha t the line-plant arrangements should

be simplified as far as is practicable, circumstances
do not always permit of one arrangement only being
employed, and in some cases a combination of two
or more different arrangements are necessarily em-
bodied in one scheme. t

I I I . METHODS OF EFFECTING TRANSFER.

The particular means adopted in accomplishing a
transfer may of course vary according to the circuit
arrangements which obtain and with the design of the
apparatus concerned, but it is not possible in this paper
to describe the various arrangements of circuits and
apparatus which may be necessary. The example
given in Fig. 2 may, however, be taken as a fairly typical
case. The diagram shows that portion affected of the
electrical circuit of one subscriber's line only, prepared
for transfer from a magneto to a central battery ex-
change.

The actual transfer operation, in so far as one line
is concerned, is perfectly simple, but, when the whole
of the lines concerned are taken into account, the number
of individual operations to be carried out may be very
large indeed, running into many thousands.

The problem is to disconnect all the working lines
from the old exchange and, simultaneously, to con-
nect them for immediate service to the new exchange.
Upon reference to the diagram it will be seen that
if the heat coils a t the old exchange are withdrawn,
the exchange line will be disconnected there, and tha t
if the insulating separators shown between the spring
contacts of the cut-off relay situated at the new ex-
change be thereafter removed, the circuit will be a t
once thrown on to the new equipment, leaving the
portion of the line between the teeing point and the
old exchange as a tee upon the new circuit.

I t is essential that the withdrawal of the separator*
from the cut-off relays should not be attempted until
all the heat coils at the old exchange have been re-
moved ; failure in this respect will result in the circuit
being closed through the indicator winding a t t h e
old exchange and the calling lamp at the new switch-
board actuated.

The means adopted for the extraction of the heat
coils must be such that the whole are removed within
the space of a few seconds. This can best be effected
by means of two fairly strong tapes threaded behind
the coils from top to bottom, one on each side of the
strip, the two ends at top and bottom being bound
together. If the bound extremities of the tape be-
held, one in each hand, a fairly smart and extended
pull will cause all the heat coils in the strip to spring
out of their clips. The possibility of faults being caused
by displacement of springs or carbon blocks of arresters
vduring withdrawal of the heat coils should be guarded
against. If the protectors are of the earthing type,
precautions are necessary to prevent the springs making
earth when the heat coils are withdrawn. To avoid
possibility of earth faults appearing during the period'
intervening between the transfer operation and tho
removal of the tees, the whole of the carbon blocks
and mica separators may be withdrawn, dusted, and
replaced before the tapes are fixed.

Fig. 3 gives details of the Western Electric Company's-
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FIG. 2.—Circuit Arrangements for Transfer of Subscriber's Line from Magneto to Central Battery Exchange.
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FIG. 3.—Combined Line and Cut-off Relay with Fibre Separator for separating Relay Contacts.
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type of combined line and cut-off relay and also shows
a convenient form of thin vulcanized-fibre separator
for insulating the relay contacts. Suitable means for
quickly removing the separators are illustrated in Fig. 4.

FIG. 4.—Two strips of 10 cut-off relays with separators in
position prepared for withdrawal.

Two relay mountings of 10 relays each, with fibre
separators in position, are shown. A length of tape is
passed successively through holes punched in the 10
separators of each mounting, and loops are provided

be materially reduced by forming the loops in the ends
of the tapes of one bay of relays round two stout bamboo
rods placed vertically one on either side of each bay.
The two bamboo rods may be braced together by two
horizontal cross-pieces so as to form a rigid framework.
The whole of the insulators in the relays of one bay
may then be withdrawn simultaneously by firmly
grasping the cross-pieces and pulling the frame smartly
forward, care being taken to maintain the bamboos
in a vertical position. If a smart transfer be desired,
some method of this description may, with care, be
successfully adopted. It is, however, doubtful whether
the resulting reduction in time justifies the increased
risk of confusion which accrues from the adoption of
measures of this character. Should one or more of
the separators fail to leave the contacts successfully,
the whole bay may be delayed, whereas if each strip
of 10 relays be treated independently, a failure will
affect 10 relays at the most.

Where the protectors are provided with additional
springs in order to admit of the insertion of the test
plug without first removing the heat coils, another
method for transferring the lines to the new equipment
offers itself. Instead of separating the new from the
old equipment at the cut-off relays, wooden in-
sulating plugs may be inserted between the springs
provided in protectors of the type in question, so
insulating the teed lines from the new exchange plant.
The withdrawal of these plugs will serve the same

TO IDF TO SUBSCRIBERS LiNC

C/tant PLATC '

CONTACT

TO i.o.r TO SUBSCRIBER'S LINE

COMTACV,

SPRINGS FOR INSERTION OTJ
INSULATING OJS TCST PUJG

c/mru PLATE

WITHDRAWAL

FIG. 5.—Protective Device for Telephone Exchanges, with extra springs to obviate removal of heat coils before
insertion of test plug.

at each end. The 10 separators may be withdrawn
simultaneously by smartly drawing forward the tape
whilst the loops at its extremities are held one in each
hand. If several bays of relays are required to be
dealt with simultaneously, the time expended in per-
forming the operation may, if considered desirable.

purpose as the withdrawal of the separators from the
cut-off relays. A cord threaded through holes bored
in the insulating plugs provides means for their simul-
taneous extraction. Fig. 5 gives sectional details of
the type of protector referred to, and also shows in-
sulating plugs inserted in readiness for withdrawal.
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This method has the advantage that it avoids dis-
turbance of the cut-off relays; also, during the time
the preparatory work is in hand, the heat coils may
be kept; in position from the outset, the new equipment
being completely isolated by the wood wedges from
the portion of the circuit external to the new exchange.
If it be required to test any line with the new exchange

OLD EXCHANGE

TO SMTCHBOARO

strip. The whole of the plugs in position intone
vertical strip may then be withdrawn by smartly ̂ pulling
forward the bamboo pole, care being taken to ke*»p i t
vertical.

Fig. 6 shows diagrammatically the conditions^, ful-
filled for transfer where lines have first been diverted
through the new exchange, service being meanwhile
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FIG. 6.—Circuit Arrangements for Transfer where all lines are first diverted through New Exchange.
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[ [ F1G.J7.— Method of Transfer with Limited Line Plant between New and Old Exchanges. Arrangements for Transfer
complete.

equipment, the insulating plugs associated with the
respective line may be removed (sufficient slack being
left in the cord to admit of this being done) without
removing the heat coils. If desired, the removal of
the insulating plugs may be speeded up by passing the
looped ends of the cords at the top and bottom of each
section of protectors forming one vertical strip round
a stout bamboo pole placed vertically in front of the

maintained on temporarily provided circuits between
the existing and new exchanges. The arrangements
are precisely similar to those shown in Fig. 2 except
that in this case the tee connection is made on the
exchange side of the main frame fuse and a temporary
protector interposed at the new exchange apparatus
room, as shown.

Reference has already been made to a means of
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transfer which may be adopted when the line plant
available between the new and existing exchanges is
insufficient to admit of the whole of the circuits being
teed into the new exchange. The method involves
additional apparatus being fitted temporarily at the
new and old exchanges and is illustrated in diagram
form in Fig. 7. The diagram shows the necessary
arrangements for transfer of two exchange lines only,
one being situated on the side of the old exchange
remote from the new and the other on the side of the
new, remote from the old exchange. Any even number
of subscribers may of course be treated in this way,
but it is not desirable that the number should be greater
than is necessary to admit of the requisite accommoda-
tion being afforded by means of the available line plant.

Between the protectors of lines Nos. 1 and 2 at the
old exchange, a jack is interposed and is connected by
short lengths of cross-connecting wire to each pro-

same pair of wires previously in use for subscriber No. z
between the two exchanges.

(d) Withdraw separators not shown in the diagram,
in cut-off relays at new exchange.

This completes the transfer operation. The tempor-
ary protectors and wires at the new exchange may
then be removed, the line cut out of the old exchange,
and the old protectors and temporary jack recovered,

Junction circuits.—To provide testing and other
facilities two break jacks are permanently included in
the circuit of each junction line at the exchange. The
jacks associated with the whole of these circuits entering
an exchange are usually mounted together in a convenient
position on the main distributing frame. Fig. 8 shows
diagrammatically the break jacks utilized in the transfer
of junction lines. One line only is shown with the
final arrangements for transfer completed. From a
convenient point on the line, a tee is conveyed into

EXCHANGE
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r/fOM OACK B

FIG. 8.—Diagram illustrating Method for Transfer of Junction Circuits.

tector, the two circuits being meanwhile separated by
an insulating plug inserted between the springs of the
jack. At the new exchange the line of subscriber No. 1
is cut in and out of the main frame equipment, service
being maintained via a spare or temporarily fitted pro-
tector connected as shown, the heat coils being in
position. The separators inserted between the contacts
of cut-off relays and the fuses on the main frame are
not shown in the diagram. To effect transfer, the
following operations are necessary :—

(a) Withdraw heat coils from protectors of lines
Nos. 1 and 2 at existing exchange, thus disconnecting
both lines from the existing exchange equipment.

(6) Withdraw heat coils of temporary protector
at new exchange, thus isolating the section of circuit
between the two exchanges formerly used for line No. 1.

(c) Withdraw insulating plug in specially provided
jack at old exchange, throwing line No. 2 on to its
proper protector at the new exchange by means of the

the new exchange where the line is insulated by the
insertion of an insulating plug in one of the break
jacks. The insertion of a similar plug into the jack
at the existing exchange (or alternatively the with-
drawal of the heat coils) and the withdrawal of the plug
at the new exchange will have the effect of discon-
necting the line from its existing exchange and throwing
it on to the new.

IV PREPARATORY LINE WORK.

Existing plant renewals.—Although the line plant of
a magneto system may have been maintained in a
thoroughly satisfactory manner, there may exist pos-
sible sources of trouble which, although unnoticeable
with the magneto system, may become apparent when
central battery conditions are introduced, unless remedial
measures are taken. The central battery system
demands that the line plant should be maintained with
a relatively higher standard of insulation. Fleeting
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troubles such as intermittent earths, contacts, and
short-circuits- of but little moment in the case of the
magneto system must be eliminated. Therefore, when
the change is from magneto to central battery it is
advisable that the open hne plant be overhauled and
such weaknesses removed.

Fugitive line faults are not readily revealed by elec-
trical test, and examination throughout of the existing
open hne plant which is to be utilized in the new central
battery system may be advisable.

In order to ascertain which lines need improvement
in insulation, preliminary insulation tests may conveni-
ently be made from the old exchange. These tests
are described in the section dealing with " Preparatory
Work at Old Exchange."

TRANSFER FROM TO
EXCHANGE

CABLE DISTRIBUTION SCHEDULE.

Particulars of lines served by D.P. No . . . . .
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Number*
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FIG. 9.

New line work.—In view of the peculiar troubles
to which open lines associated with a central battery
system are likely to give rise, it is desirable that, so
far as is economically possible, the proportion of open
line plant should be limited. Therefore, when replacing
a magneto by a common battery system, expense in
substituting underground for heavy open lines is usually
justified. Advantage may at the same time be taken
of the opportunity to provide for future development.
The new plant may take the form of extensions of an
existing underground system, or an entirely new scheme
of underground work may be embarked upon for an
exchange area previously served wholly by overhead
means.

Where the establishment of a central battery system
is justified, it is generally economical to arrange an
underground system with distributing points from
which the subscriber's services are completed by means
of small distributing cables underground or short

VOL. 56.

sections of open wire. In this way the mileage of opea
line is minimized. . .

The work of installation of new ducts. and cables
may proceed while the exchange building is in coarse
of preparation. The work should be so timed that,
the external cables are completed by the time the new
main distributing frame is ready for use. The maia,
cables may then be extended thereto, terminated,
tested, and numbered out, and connected up to the
main frame equipment.

Shunting lines into new exchange.—Each jointer
responsible for shunting the lines to the new exchange,
requires to be provided with—

(a) Cable distribution schedule (see Fig. 9) for each,
distributing point allotted for his attention.

(b) Cable distribution diagrams of the cables with
which he has to deal as they exist.

(c) Cable distribution diagrams of the cables concerned
as they are required to be finally.

(d) Direct telephone connection from the teeing
point to the apparatus room of the new exchange.

At each point where the lines to be transferred are
to be cut into for the purpose of making the tee connec-
tions, each cable must be opened out, and for each
pair of wires the following procedure is recommended.

(a) Select pair of wires and slip back paper sleeves,
thus exposing twisted joints.

(b) Connect loop to jointer's portable telephone
set and listen.

(c) If, after challenging, line proves to be disengaged,
disconnect one wire of loop and give short ring on ex-
change side (this avoids calling the subscriber unneces-
sarily).

(d) Ascertain from answering operator exchange
number of line under test and, if more than one exchange
is served by wires in the cable being dealt with, the
name of the exchange also.

(e) If no reply received, and line tests spare, then,
assuming no spare connections are being provided until
after the transfer, the spare ends may be left dis-
connected and placed on one side. If a working line
the teed connection is made by jointing to the appro-
priate pair of wires leading to the new exchange.

(/) Replace paper sleeves and label them with ex-
change number.

(g) Periodically advise test clerk at new exchange
of lines dealt with.

After the jointer has dealt with the whole of the
lines, the joint or joints may then be plumbed up or,
if this course is impracticable, secluded from the atmo-
sphere by other suitable means.

Making tee connections. — The provision of tee
connections in association with the transfer of a large
exchange is a matter of considerable importance. The
manner in which the connections are first made and
afterwards maintained has considerable influence upon
the success with which a transfer is accomplished. An
unsystematic arrangement of indifferently made tees
will undoubtedly be an endless source of trouble and
anxiety to the engineer controlling the operations.

For a large transfer, the number of tee connections
to be made may be considerable ; it may be impractic-
able to avoid making a large number of tees at one

27
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or more points on the underground cable system and
to distribute them over a number of lesser points;
sever*! large cables may be involved at one point and,
afe the number of pairs of wires to be dealt with
increases, 'so are the difficulties multiplied.

The Small gauge wires (6^, xo, and 12$ lb. per mile)
on large cables (600 and 800 pairs) commonly used in
modern telephone systems demand exceptional care
in this connection and it is highly desirable that, when
once the teed connections have been made, they should
not be subjected to more disturbance than is absolutely
unavoidable.

The period during which the tees must be maintained
is usually protracted, extending sometimes over several
months, during which period it is almost impossible to
avoid a certain amount of interference for purposes of—

(a) Testing in connection with the localization of
faults;

time the tees are in existence, in order that desiccation
by heat or other means may be constantly*applied.

The flimsy paper insulation of the small-gauge cables
mentioned will withstand little more than the careful
handling which is essential for ordinary jointing pur-
poses. With slight provocation the frail paper wrapping
becomes unfolded and exposes the conductor, and
if this should occur with many wires in a large cable,
the result may be serious. The work entailed in
clearing one such fault may cause similar faults.

In some measure the difficulty may be mitigated
by treating the paper-insulated wires with hot beeswax
and afterwards binding each wire with cotton thread
in a direction reverse to the twist of the paper. This
has the effect of minimizing the liability of the paper
to untwist. The process may be laborious and ex-
pensive, but where a large number of tees have to be
made the expense is fully justified.

THIST£D T CONNECTION REAOY roR ENVELOPMENT Br PAPER SLEEVE.

TO REMOVE T
CUT HEHE

COMPLETED JOINT AS IT APPEARS PRIOR TO TRANSFER

PAPER SLEEVE

TO SUBSCRIBE*

FIG. IO.—Method of making Tee Connections on Paper Insulated Conductors in Underground Cables.

(b) Introduction of additional teed connections neces-
sitated by the provision of new services;

(c) Alteration to existing teed connections owing to
removals, cessations, etc., of subscribers' services.

To some extent disturbance due to causes mentioned
under (6) and (c) may be avoided by providing a certain
number of spare pairs between each distributing point
and both the old and the new exchanges when the teed
connections are initially made, but this course may
not be practicable owing to the limited number of
spare circuits available.

Where large cables are concerned, the number of
the insulated conductors may be so great as to preclude
the whole being encased by plumbing work, and other
steps must therefore be taken to maintain the exposed
paper-core cables in a perfectly dry state, a matter of
some difficulty and one which may involve the constant
attendance of a skilled hand during the whole of the

Fig. 10 illustrates a suitable form of tee connection.
The method permits the removal of the tee without
disturbing the through connection and facilitates
identification of the wire to be cut away.

Cast iron cable boxes have been utilized in an attempt
to facilitate hermetical closure of the cable and to
provide ready means of access to the tee connections.
If such a measure be adopted, it is still desirable that
the wires should be waxed and bound in order that
they may satisfactorily withstand any handling to
which they may be subjected. The box introduces
limitations in the available space, and access to the
wires is even more difficult than in the case of an open
joint. No advantage is gained by their use except
perhaps where the number of wires to be dealt with
is limited.

Suitable methods of forming tee connections on open
wire lines are illustrated in Figs. 11, 12, and 13.
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TO UNDERGROUND CABLE
LEADiNQ TO NEW EXCHANGE. ..

FIG. II.—Method of forming Tee Connections on Open Wires : (a) At New Distributing Point on existing Open Line.

cur /tare
TO KZHCVC T

FIG. 12.—Method of forming Tee Connections on Open Wires : (b) At Subscriber's Ration Leading-in Point.

CUT MCRC
TO REMOYC T.
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FIG. 13.—Method of making Tee Connections on Open Wires : (c) At point on existing Open-wire Line.
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PWhen the line arrangements for transfer admit of
the tees being made within the new exchange the
serious difficulties introduced by external teeing points
are entirely removed. In the case illustrated in Fig. 6
the tee connections can conveniently be made at the
main distributing frame of the new exchange and
a suitable method of forming the individual tees is

TO 3tM3C»6£*3 UNC

or ruse HOOHTING

SOLOCIteO COHNtXTION

09033.
WlltC

TO O4.O EXCHANGC.

PIG. 14.—Method of making Temporary Tee Connections on
Main Distributing Frame when all Lines are diverted
through New Exchange prior to Transfer.

shown in Fig. 14. This method possesses the following
advantages:—

(a) It is economical;
Ib) It admits of temporary disconnection of the tee

piece for testing purposes without disturbance of the
permanent portion of the new circuit;

(c) The tees can be cut away rapidly without dis-
turbing the through connection, which is left in its
permanent state, no further attention being required
and no evidence of the tee remaining.

V. PREPARATORY WORK AT SUBSCRIBERS' STATIONS.

If the electrical operation of the new exchange be
similar to that of the old exchange no modifications
to the apparatus at the subscribers' stations will be
necessary. If, however, a change in the system be
involved, consideration must be given to the modi-
fications to be made at the subscribers' end in order
to conform to the different method of working.

For exchanges of 500 lines and upwards, the magneto-
calling local-battery system has now given place to
the more modern central-battery system, and it follows,
therefore, that the removal of a telephone exchange
is often accompanied by a change in the system of
working from magneto to central battery by which
the introduction of automatic calling and clearing
effects a quicker service. The displacement of the
magneto generator and primary batteries at the sub-
scriber's station renders a complete change of apparatus
desirable although not absolutely necessary.

The following three alternatives for treatment of
subscribers' installations are presented :—

(a) Fix new central battery apparatus alongside the
old and provide a change-over switch to be operated
by the subscriber at the time of transfer for changing
over to the new apparatus. This method is to be
deprecated in consequence of increased cost, restricted
accommodation for apparatus, and possible trouble
by misoperation of the switch by the subscriber.

(b) Modify existing apparatus to permit of central
battery working until the modern central battery
apparatus is installed after the transfer.

It will usually be economical and convenient to adopt
this alternative in cases of subscribers' simple sets
and at stations with only one extension. Replacement
of the old instruments by modern central battery
apparatus may be carried out and full central battery
conditions established as convenient after the transfer.

(c) Install new central battery apparatus prior to
the date of transfer, introducing the modifications
necessary to provide for satisfactory working until
the transfer has been made.

This method is recommended for installations with
switchboards where displacement of the old apparatus
has been decided upon. It possesses the important
advantage that the work to be done after the transfer
is reduced to a minimum. The modifications required
are inconsiderable, consisting only of the provision of
ringing facilities and of* battery power for speaking
purposes. If power for the branch exchange is to be
supplied by lines from the main exchange these power
lines should, if practicable, be installed in time to avoid
the use as a temporary expedient of primary cells.

The exact practice which it is best to follow to suit
all circumstances cannot of course be laid down. Exist-
ing systems which may have to be considered vary in
their circuit arrangements and in other details ; local
conditions and individual subscribers' requirements
also influence the matter and, further, the demands to
be met during the transitionary period of working^ary
with different localities and exchanges and the size of
the undertaking. It is necessary, therefore, that each
transfer should be dealt with according to its particular
merits.

In order that the magneto apparatus comprising
subscribers' installations may be made to conform to
central battery working, attention should be given to
the following points :—

(a) Insertion of condensers.—To maintain an open
circuit when the receiver is hung upon the switch hook,
condensers of 2 mfd. capacity are inserted at the follow-
ing points:—

(1) Bell circuit of subscribers' single-instrument
installations.

(2) Bell circuit of extension instruments.
(3) Bell circuit of extension switches.
(4) Circuits of extension bells joined direct across

lines having connection to exchange.

Diagrams showing condensers fitted at the three
first-mentioned points are given in Fig. 15.

It is undesirable to utilize at private branch exchanges
the existing magneto apparatus, as considerable work will
be entailed, but circumstances may arise which make
this course unavoidable, in which case it may be necessary
also to insert condensers in circuit with—

(5) Exchange line indicators.
(6) Extension line indicators which are not cut out

of circuit when connection to the exchange)
is established.

(7) Ring-off or clearing indicators.
(8) Operator's speaking-set.
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(b) Insertion of holding coils.—To guard against pre-
mature clearing signals being given at the exchange from
private branch exchange installations not replaced by
central battery apparatus prior to transfer, it may be
necessary to provide " holding coils " which may be
brought into circuit with the exchange line, when
engaged, during the time the operating instrument
is utilized in speaking to an extension station.

(c) Polarity of receivers.—It is necessary to ensure
that the receivers of all instruments are connected in
such a way that the current received over the line from
i!he central battery will augment rather than reduce
the magnetism of the receiver magnet. The test set
shown diagrammatically in Fig. 16 will facilitate deter-
mination as to whether the receiver is correctly joined
up. The electrical state of the line under central
battery conditions is reproduced when the reversing
key is in the normal position and the A and B lines

A . SUBSC/flBEftS SIMGLE /NSTAUMENT
(WITH EXTENSION BELL)

AND EXTENSION INSTRUMENTS

SUBSCRIBERS LINE

of testing out the circuits in conjunction with instrument
fitters, and making line changes with line foremen and
jointers. Where a large number of subscribers' lines
is concerned, the amount of testing to be done will
be considerable and it may be necessary to augment
the existing testing equipment in order that the ordinary
fault and maintenance testing may not be interfered
with and that the special testing may be expedited.

Owing to the large amount of work to be done on
working plant during the period when the preparatory
work is in hand, the number of faults to be dealt with
is likely to become inflated above the normal and
their localization and clearance must be facilitated.
The staff engaged in the maintenance of the existing
exchange and the plant associated with it should there-
fore be kept well informed of the line work which is
proceeding.

The changes to be made at subscribers' installations

3 . SUBSCRIBER'S EXTENSION SWITCH

EXCHANGE LINE EXTENSION LING

• * •

MACNCJO BELL

(0/(0)—

CONOEHSEB

RECEIVER

EXTENSION BELL.
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VIC 15.—Modifications to Magneto Apparatus for Central Battery Working.
Diagram showing Condensers fitted in:—

(A) Bell circuit of telephone instrument. {B) Bell circuit of extension switch.

respectively joined up to the positive and negative
poles of a 40-volt battery, through two 70-ohm retar-
dation coils. The reversing key is manipulated by
the test clerk whilst the instrument fitter co-operates
by listening at the subscriber's end. The latter indicates
in which position of the key reception is improved and
the test clerk decides whether or not the receiver
requires to be reversed.

(d) Internal wiring.—The internal wiring should be
tested for insulation and examined throughout and
any observed defect remedied. Alterations to wiring
in cases where the leading-in point is being changed
should also be provided for.

VI. PREPARATORY WORK AT OLD EXCHANGE.

In ordinary cases the work to be carried out at the
existing exchange prior to transfer will be mainly that

by the fitting staff may be controlled from the old
exchange. Q

A form, reproduced in Fig. 17, is recommended for
the record of preliminary tests and work done at sub-
scribers' premises, and may be posted at the old exchange
test-desk as the work progresses.

The preliminary insulation tests already referred to
under " Preparatory Line Work " may be commenced
before any work at subscribers' premises is put in hand,
and the tabulated results will be an indication of the
increase of insulation required. These tests may be
made by connecting in parallel the a and b wires of the
loop, and the internal wiring and the subscribers'
apparatus will therefore be included. A suitable figure
representing the minimum insulation permissible
under these conditions may be fixed, and when the
pre-determined minimum figure is not attained the
particular case will require attention.
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FIG. 16.—Testing Circuit for testing out Lines from Magneto Exchange preparatory to conversion to Central Battery Working.

TRANSFER FROM TO EXCHANGE.

RECORD OF PRELIMINARY TESTS OF SUBSCRIBERS1 LINES AND WORK DONE AT SUBSCRIBERS' PREMISES.

• Preliminary insulation test to be taken on a and b lines together. Minimum ohms . . . . . . . .

Subscribers'
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Insulation
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Fitter's Initial Visit
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Condenser
Fitted

Insulation Test

Line
only

a b

Line and
Internal
Wiring

a

•

b

Speaking

._. _..

Date

Dockets

No. For No. For

Remarks

FIG. 17.
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100,000 ohms is regarded as a safe figure for a central
battery exchange working at 40 volts.

As the work a t each subscriber's station is completed,
tests from the exchange in conjunction with the fitter
are made to ascertain—

(a) The insulation of the circuit.
(b) Whether condensers have been fitted at the

requisite points.
(c) Whether the receivers are connected correctly.
(d) Whether the circuit is working satisfactorily.

VII. PREPARATORY WORK AT N E W EXCHANGE.

When the installation of the new exchange equipment
is sufficiently advanced, tb^e work which has to be done
there in preparation for the transfer may be taken
in hand.

In bringing into use simultaneously the varied and
numerous pieces of apparatus comprised in a modern
telephone exchange of appreciable size, there is some
risk of failure of certain units and it is necessary to
ensure beforehand by exhaustive and methodical tests
tha t every working part properly performs its functions
under all conditions of service, and that, so far as is
practicable, all possibility of partial or complete break-
down of any unit is eliminated.

I t has been assumed that the new exchange plant
proper has been installed in its entirety and that the
only work to be done is that which is necessary in order
to bring it into service.

The test clerks at the old and the new exchanges
must work in close co-operation in connection with the
joining up of the subscribers into the new exchange,
and both should be fully acquainted with the progress
of the work.

One or more direct telephone lines between the old
and the nfew exchange test-desks will be required. The
whole of the approved records of line and exchange
plant and of the subscribers to be transferred should
be in readiness by the time the work of diversion
commences; entries may then be made in respect
of each circuit as it is joined up.

When the main distributing frame is available, the
necessary cross-connections may be commenced. These
may be carried out from the information supplied by
the cable-distribution schedules, complete copies by
this time being in the hands of the test clerk. If the
main frame cross-connecting is done in advance of
the lines being put through by the jointer, considerable
saving in labour will be secured and the work generally
expedited.

As advice is received from the jointer of the circuits
shunted into the exchange, the procedure recommended
below in connection with each line may conveniently
be followed by the test clerk—

(a) Verify that the main distributing frame cross-
connection is already joined up to the correct exchange
number.

(6) Remove heat coils from protector of respective
line and insert fuses on main distributing frame.

(c) Test out line and confirm the subscriber's tele-
phone number.

{d) From the cable distribution schedule check off

circuit as " available at new exchange" and insert
the necessary entries ..in all records concerned.

(e) Advise the test clerk at the old exchange of the
tee connection having been made.

(/) Advise the jointer when each group of lines with
which he is concerned has been dealt with.

TRANSFER FROM
EXCHANGE

SWITCHBOARD DISTRIBUTION OF
LINES.

Numerical List.

Subscribers'
No.

Panel
No. Jaok.No. Register

No.

TO

SUBSCRIBERS'

Calling
Lamp Cap

FIG. 18.

Private lines, extension lines, and other lines which
will merely pass through or via the main distributing
frame should be diverted permanently and cut out of
the old exchange. At the time o# transfer only lines

TRANSFER FROM TO
EXCHANGE.

SWITCHBOARD DISTRIBUTION OF SUBSCRIBERS'
LINES.

Subscribers in Position Order.

Panel
No. Jack No. Subscribers'

No.
Register

No.
Calling

Lamp Cap

FIG. 19.

actually operated at the old exchange will then be
left to be transferred.

By the time the test-room equipment is ready, the
test clerk should be in possession of lists showing the
distribution of subscribers on the calling equipment
of the new switchboardi Headings recommended for
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these lists are given in Figs. 18 and 19 and the informa-
tion contained therein will enable the work of cross*
connecting on the intermediate distributing frame to
be carried out before the instrument fitter makes a
final visit to the subscriber's installation.

When the work of diversion is sufficiently advanced
and the new central battery switchboard completed,
instrument fitters should make a final visit to the

•subscribers' stations before the transfer. This visit
is necessary in order to demonstrate practically that
the working of each circuit is in all points satisfactory
under central battery conditions. The following proce-
dure is recommended :—

(a) The fitter reports to the test clerk at old exchange
the number of subscriber from which he is speaking.

(b) The test clerk at old exchange informs test clerk
at new exchange and disconnects line from old exchange
by withdrawing heat coils on main frame.

the test clerk at the old exchange is instructed to restore
the circuit. Fig. 20 shows t i e headings of a form
recommended for recording the results of these tests.

VIII. FINAL PREPARATIONS.

It is desirable that the final arrangements should
not be commenced earlier than. is essential. Unless
very cogent reasons demand otherwise, the transfer
operation should not be deferred beyond the day fixed,
and some little margin over and above the time
estimated to be required for the final preparations
should therefore be allowed in order to meet any un-
expected delays which may possibly occur.

The work to be carried out is as follows :—
(1) Final tests of subscribers' lines.—These are

made at the test desk of the new exchange and may
occupy several days, depending upon the number oi
lines to be tested and the number of testing officer*

TRANSFER FROM TO EXCHANGE.

RECORD OF FINAL TESTS OF SUBSCRIBERS' CIRCUITS.

(To be maintained at New Exchange Test-desk.)
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Tests of Line to New Switchboard

Calling Speak-
ing

/

Ring-
ing

Super-
visory

Subscribers'
No.

Dockets

No. For No. For

F I G . 20 .

(c) The test clerk at new exchange plugs into the
reported line on main frame, speaks to fitter, and ascer-
tains by testing whether :—

(1) Condenser is fitted.
(2) Transmission is satisfactory.
(3) Receiver is correctly connected
(4) Insulation and conductivity not lower than

figures allowed.
Each extension line is similarly treated and any defect

remedied if possible at the time, or otherwise docketed
for later attention.

(d) The test clerk withdraws test plug, connects line
through to new switchboard by inserting heat coils,
and requests switchroom attendant to take the call.

(e) The circuit is then tested out between subscriber's
station and switchboard under all normal working
conditions.

(/) The switchroom attendant informs test clerk of
result of test. The heat coils are then withdrawn and

accommodated. Each circuit to be transferred is
proved to ensure that—

(a) The insulation and conductivity of the line are-
satisfactory ;

(b) Each subscriber is connected to the correct ex-
change equipment ;

(c) The condenser is in circuit ;
(d) Speaking is satisfactory.
(2) Final test of junction circuits.—Each junction'

circuit to be transferred requires to be finally tested*
under actual working conditions between the new
exchange and the distant exchange. If the line is
to be transferred at the distant end to new equipment
for working to the new exchange, arrangements will1

have to be made for attention there. Order-wire
junctions should be tested through the cords at the
incoming end by extending the circuit to the monitor's
table or other convenient exchange line and the super-
visory signals and the speaking proved.
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All junction circuits duplicated for the transfer
should be similarly tested and left in working condition.

Order wires also require to be tested.
(3) Relay tests.—Although the line and cut-off

relays have previously been tested out and adjusted,
they may have been subjected to such frequent hand-
ling that a final examination and test of each relay
is advisable.

(4) Line fuse examination.—Each fuse on the main
distributing frame, also the contact springs (if any),
should be examined. A continuity test in situ of all
fuses, together with supporting spring contacts, should
be made to ensure that all fuses are making satisfactory
contact and are not disconnected.

(5) Heat coil test.—Tests for disconnection and
short-circuit should be made.

(6) Lightning arrester test.—Carbon arresters should
be removed from the frame, dusted and replaced, care
being taken to ensure that the mica separators are in
position They may afterwards be tested to prove
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FIG. 2J.—Diagram of Special Telephone Arrangements for
Transfer (Typical Case).

that the carbon block in contact with the line spring
is not earthing

(7) Special telephone arrangements.—A diagram of
the special telephone arrangements required in con-
nection with a typical transfer is shown in Fig. 21.
In providing these circuits, steps should be taken to
ensure that risk of failure at the critical moment is
reduced to a minimum.

(8) Mettr readings.—The readings of subscribers'
meters must be recorded immediately prior to the
transfer.

(9) After withdrawal of the fibre separators from
the cut-off relays at the transfer, it is advisable to
verify that the relay springs are making contact. The
following test for this purpose should be applied. A
headgear receiver and a 2-microfarad condenser are
connected in series, the free terminal of the condenser
being connected to earth. A wire attached to the
free terminal of the receiver is first tapped upon the
lower spring of the cut-off relay, then against the upper.
This should alternately charge and discharge the con-

denser and a click should be heard in the receiver.
The absence of a click denotes a fault. The requisite
number of sets for this test should be arranged not
later than the day prior to transfer.

(10) On or before the evening of the day prior to
the transfer, attention should be given to the following
details :—

(a) Provision of tapes as previously described for
removal of heat coils on main frame at old exchange.

(6) Insertion of separators between the spring con-
tacts of cut-off relays.

(c) Insertion of all heat coils in working positions
on the main distributing frame. This operation should
follow (fc) and on no account be attempted before.

Reference to Fig. 2 will show that when the heat
coils have been inserted, the subscriber's line is con-
nected to the local and multiple jacks of the new switch-
board and that the fibre separators constitute the
only separation between the subscriber's line and the
line relay and central battery. It is therefore essential
that the cut-off relays and the multiple and local jacks
should not be subjected to interference.

Fibre separators must not be inserted in relays asso-
ciated with any lines already working on the new
exchange.

(11) The special instruction circuit between the test
desks of the old and new exchanges, and also any other
lines which must remain working through or into the
old exchange after the transfer, should not be included
in the circuits to be disconnected by the extraction
of heat coils. This may be arranged by passing the
tapes in front of, instead of behind, the heat coils asso-
ciated with such lines. If the number of lines con-
cerned be small, it may be better to remove them en-
tirely from the main frame and by this means secure
immunity from possible trouble.

(12) Provision for " glow " tests.—Each operator
concerned will require a resistance plug for use in carry-
ing out the " glow " tests. A plug with self-contained
resistance of 750 ohms is suitable. Insertion of the
plug into the answering jack of a subscriber's line
connects the resistance of the plug in series with the
central battery and the line relay, actuating the latter
and causing the calling lamp to glow.

(13) Rehearsal.—On the evening of the day prior
to that fixed for the transfer, rehearsal of the operation
should be carried out under the direction of the officer
responsible. Each man who is to take part should be
interviewed at the position allotted to him by the
officer controlling the transfer, in order to make certain
that the duties are thoroughly understood.

IX. THE TRANSFER OPERATION.

We now arrive at the critical operation, the success
of which will largely depend upon the thoroughness
with which the whole of the preliminary work has
been arranged and carried out.

During the period immediately prior to the transfer,
the circuits already connected in working condition
to the new exchange should be tested out and proved
in order. The service lines already working on the
exchange and the junction lines from other exchanges
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already connected up for service in advance of the
transfer are amongst the circuits referred to.

At the pre-arranged time, the first portion of the j
junction circuits to be transferred, viz. those which
have been scheduled for treatment in advance of the
subscribers' lines and which may approximate to about
half the total number of junction circuits to be dealt
with, should be diverted. This is accomplished by
first inserting insulating plugs in the junction test-
jacks of the circuits concerned at the old exchange
and immediately afterwards withdrawing the plugs
from the corresponding jacks at the new exchange.
These circuits may then be tested out as explained
under " Traffic and Operating Considerations," and
any faults cleared before proceeding with the remainder
of the lines.

At a fixed time shortly before the transfer, all faults
•outstanding should be advised by the test clerk at the
old exchange to the test clerk at the new exchange.
These are thereupon docketed for attention and the
•circuits plugged out on the main frame.

At the appointed time the subscribers' lines and the
remainder of the junction lines should be dealt with
as rapidly as possible in the following manner :—

(a) The test clerk at new exchange requests over
special telephone line the removal of heat coils at old
•exchange and waits for advice that this has been accom-
plished.

(b) On receipt of this intimation, the test clerk gives
pre-arranged signal to :—

(1) Extract separators from cut-off relays, and
(2) Withdraw remainder of plugs in junction test-

jacks.
(c) The exchange supervisor and the test clerk at

old exchange are then advised that the transfer has
been accomplished, and the officer deputed to carry
out relay tests is directed to proceed.

{d) The test clerk at old exchange informs super-
visor there that transfer is completed.

Should it be necessary to cut away any tees simul-
taneously with the removal of the heat coils at the
old exchange, in order to sever from the respective
circuits any sections of line of doubtful insulation,
instructions should be passed over the special telephone
lines provided (see Fig. 21) to men stationed at the
teeing points concerned ; this should be done im-
mediately before the test clerk at the old exchange
is instructed to withdraw the heat coils.

A description of the testing-out process by the oper-
ating staff at the new switchboard after transfer is
given under the section headed " Traffic and Operating
Considerations."

As the fault dockets are received at the test desk,
the respective circuits are put under test and the proved
faults passed forward over the special telephone lines
provided for that purpose (see Fig. 21) to (a) exchange
faultsman, (b) line faultsman, or (c) subscribers' apparatus
faultsman, to be dealt with in standard manner.

X. TRAFFIC AND OPERATING CONSIDERATIONS.

Choice of day and time for transfer.—Traffic con-
ditions must be taken into account in selecting a day
and time for the transfer operation. For several reasons

it is desirable that a time should be chosen when the
volume of traffic to be handled will be at a minimum,
and that the same condition should obtain for as long
a period as possible immediately following the transfer
operation. This will ease the operating staff, give
them opportunity for the requisite testing, minimize
interruptions to the service, and permit of a large pro-
portion of the junction circuits being transferred in
advance of the subscribers' lines; also opportunity
will be afforded to remedy any defects which may ari9e
and to carry out any work, such as the removal of
tee connections, which requires to be done before
busy traffic conditions are resumed.

The choice of the least busy period is particularly
helpful in the transfer of junction lines. The pro-
vision of these lines being based upon the traffic require-
ments of the busy hour, it follows that at the slack
period a large proportion of them will be idle. This
renders it possible to transfer in two independent groups,
the first some time before and the remainder simul-
taneously with the subscribers' lines. Time is then
available for the first group of lines to be tested out
in readiness for service at the general transfer. Suffi-
cient junctions are of course left connected to the old
exchange to carry the traffic satisfactorily during the
interim.

Switchboard distribution of subscribers' lines.—In order
to secure uniformity of attention to calls, it is necessary
to distribute subscribers' circuits over the answering
positions of the switchboard not in numerical order,
but in relation to their traffic activities. Such dis-
tribution must of course be based upon actual obser-
vation of conditions obtaining for each subscriber's
line. The work entailed may be of an extensive char-
acter according to the number of lines concerned. It
must be undertaken many weeks before the transfer
is due, so that a scheme for the grouping of the sub-
scribers' circuits may be completed and copies of the
distribution schedules may be in the hands of the new
exchange test clerk by the time the intermediate frame
is in readiness for cross-connecting. If required, new
telephone numbers may be allotted at the time these
schedules are prepared. Suitable forms for showing
the subscriber's switchboard distribution are illus-
trated in Figs. 18 and 19.

Programme.—A programme of instruction for the
guidance of the operating staff concerned in the transfer
should be drawn up in order that no essential detail
be overlooked.

Training of operators.—Operators who are to be
transferred from the existing to the new exchange
should be familiarized with the working and local
conditions of the new board in advance of the transfer.
If a change in the operating procedure be involved,
the telephonists should undergo a systematic course
of training in order that they may become proficient
in manipulation of the new switching equipment. In
the case of large transfers, a rehearsal of the transfer
operation in so far as the operating staff is concerned
may advisedly be made a few days prior to the transfer
date.

Operating procedure.—The operating arrangements
to be made in connection with a transfer will of course
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vary with different conditions, but the procedure out-
lined below may be regarded as typical.

(a) At all exchanges concerned, not later than the
time selected for transfer of the advance group of
junctions, the incoming order-wire junctions to be
transferred in advance of the subscribers' lines are

TRANSFER FROM TO
EXCHANGE.

OPERATOR'S SPEAKING TEST OF JUNCTION
CIRCUITS.

Exchange Operator

Junction
No.

Result
of Test Time

Fault Cleared

Nature Time

F I G . 22 .

thrown out of use. These junctions must be cleared
of traffic by the pre-arranged time. The selected
outgoing signal junctions are plugged up on spare
positions so that they may test " engaged." From
this time up to the time of transfer, only junctions
which have not been thrown out of use are selected

the pre-arranged time to carry out the tests of the
outgoing junctions transferred in advance. Each of
these operators is provided with a form (see Fig. 22)
upon which are entered particulars of the whole of the
junctions to be tested by her. Each operator com-
mences the tests upon receipt of the signal to do so,
and proceeds according to a definite programme which
shows the time when the distant exchange is expected
to co-operate in the test. The junctions are spoken
over to the monitor's desk, or a specially provided
service telephone, so that the junction cords are in-
cluded in the test, and signalling also is proved, any
faults being recorded on the form provided at each
exchange. Junctions previously provided are in-
cluded in the test.

(c) The tests of incoming junctions at the new ex-
change may be conveniently originated by A operators
at the distant exchanges concerned, the procedure
being similar to that described under (b).

(d) When the tests of the advance junctions have
been made, faulty cases may be passed forward for
attention.

(e) For a short period (say five minutes) before and
after the time fixed for transfer, callers on all other
exchanges asking for subscribers connected to the
exchange to be transferred are informed that an
alteration is being made and are requested to renew
their application later.

(/) During a period of, say, five minutes prior to the
transfer, all calls in progress to or at the existing ex-
change are challenged and the subscriber is asked to
terminate the conversation quickly as otherwise he
will necessarily be disconnected shortly. ,

(g) Immediately advice is received at the old ex-
change that till transfer has been made, the operators
may proceed to the positions allotted to them at the
new exchange.

(h) Immediately the signal is gfven at the new ex-

FORM FOR RECORDING RESULTS OF OPERATORS' TESTS OF SUBSCRIBERS' CIRCUITS.

Slip No Panel No

Subscribers' No.

Glow . . . .

Ringing and speaking . .

1

•

i

|
1

Note.—O.K. tests distinguished by J.

FIG. 23.

Faults distinguished by X.

for service by B operators attending order-wire positions.
When the transfer has taken place, until completion
of the junction tests, B operators allot junctions only
from those which have been previously transferred
and which by that time should be ready for service.

(b) A sufficient number of A operators should be
deputed to be in their places at the new exchange at

change that the transfer is accomplished, the junction-
testing operators commence the test in accordance
with a pre-arranged programme, of the junctions which
have been transferred together with the subscribers'
lines, the procedure followed being similar to that
described under (b),

(7) In accordance with the pre-arranged time-table
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showing the testing time of each junction concerned,
" A " operators at distant exchanges responsible for test-
ing the outgoing junctions to the new exchange proceed
with the tests of those junctions transferred together
with the subscribers' lines, the procedure being similar
to that previously followed.

{h) A sufficient number of A operators are provided
at the new exchange to operate the ordinary traffic of
the exchange and to carry out the " glow " and speaking
tests of the transferred subscribers' circuits. Each
operator is provided with a number of forms or slips
(see Fig. 23) on which are already entered the numbers
of the subscribers' lines allotted to her for test, and
immediately the signal is given the tests are commenced.
The " glow " test is made by inserting the resistance
plug specially provided for the purpose into each local
jack successively, and if the calling lamp fails to glow
an entry is made upon the form accordingly. After
this test has been applied the ringing and speaking
tests are forthwith commenced, the operator observing
the following procedure :—

(a) Calling plug inserted into multiple jack of selected
subscriber and ringing key depressed.

(6) Answering subscriber informed that line is being
tested and requested to wait.

(c) Calling plug withdrawn from multiple.
(d) Glow on answering position verified.
(e) Calling plug inserted into local jack and sub-

scriber informed that calling signal is in order.
Circuits of special importance, such as hospitals,

fire stations, etc., are distinctively shown on the testing
forms for prior treatment.

Faults detected by operators or reported by sub-
scribere are entered in the appropriate column of the
form, the numbers of subscribers whose circuits prove
to be in order being also distinguished.

As the tests are completed the operators' slips are
passed to the telephonist at the exchange testing
position, who, after carrying out the necessary tests,
prepares a fault docket in respect of each faulty circuit.
Periodically these dockets are collected and forwarded
to the test clerk for further attention, and are feturned
to the testing operator on completion so that the forms
held at the testing operator's position may be completed.

A time of light load on the exchange being chosen
for the transfer, it will no doubt be the case that many
business firms will be closed. In order to reduce in-
effective calling on subscribers' lines which are in proper
working order, but unattended at the subscribers'
ends, it is usual to advise the subscribers of the impend-
ing transfer and to request them to say whether their
telephone will be attended at that time. All cases
where the reply is in the negative are distinguished
upon the operator's testing forms and, unless the glow
test is unsatisfactory, they are not reported as faults
until efforts which are made to obtain reply on the
next working day prove unsuccessful.

The adoption of a method similar to that described
of recording the results of tests made by operators,
provides information which may ultimately be useful
in connection with inquiries regarding specific faults,
and enables subsequent judgment to be formed of the
relative degree of success which has attended the transfer.

XI. POST-TRANSFER WORK.

After the transfer has been accomplished, and if the
exchange is working smoothly, attention may be directed
to the operation of restoring the affected working
plant.

Removal of tees.—The cutting away of tees should
not be commenced until the exchange staff has finished
the tests of the whole of the transferred lines. Assuming
that the exchange as a whole is then working satisfac-
torily, instructions may be given to cut away all tee»
terminating on the springs of the protectors, at the old
main frame. The early removal of all tees is advo-
cated, as a possible source of faults will thereby be
removed. In cutting away tees in underground cables,
each wire of a pair should be cut separately to avoid
the momentary glow of the calling lamp which would
otherwise be occasioned. When all the tees at one
point have been removed, the final jointing operations
may be proceeded with, and when completed the joints
should be plumbed in the ordinary way.

The prompt severance of all tees on open wire line*
should be immediately followed by the removal of the
discarded portion of the circuit and the final restoration
of the open line plant where necessary.

Final cable operations.—Although the arrangements-
may have been such as to reduce to a minimum the
work to be done after the transfer, there must generally
remain some work which cannot be completed until
those wires which have been temporarily employed to
effect the transfer have been liberated. This work
will usually consist of—

(a) Reinstatement of spare wires which were utilized
for transfer by temporary diversion ;

(b) Redistribution of pairs in cables affected by
transfer;

(c) Recovery of discarded cables ;
(d) Final insulation and air-pressure tests of all

newly installed and disturbed existing cables, followed
by desiccation if necessary.

Disposal of transfer impedimenta.—All apparatus,
appliances, etc., remaining as the aftermath of the
transfer should be recovered.

Dismantling old exchange.—The old exchange equip-
ment may be dismantled and disposed of as required,
care being taken not to interfere with the main frame
until any remaining working circuits have been per-
manently diverted and the tees cut away.

Change of apparatus at subscribers' installations.—The
replacement of existing by modern central battery
apparatus not carried out at subscribers' premises prior
to the transfer may now be proceeded with system-
atically, and the necessary adjustments made where
necessary to central battery apparatus previously fixed.

XII. ORGANIZATION.

To secure the most economical and efficient results
in connection with a transfer of material dimensions,
careful organization of the whole of the work involved
is obviously necessary. This is true not only in regard
to the final preparations and the transfer operation
proper, but also, and perhaps even more particularly.
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the preparatory work which is generally considerable
and may occupy a period of many months.

From the point of view of economy, it is particularly
essential that the various sections of work should be
co-ordinated in such a manner as will preclude delay
being caused to any section of the work by non-com-
pletion of any other section within the requisite time.

•It is of course not possible to stipulate here the
sequence of operations, because each case will vary in
its requirements, but broadly considered, the table
given in Fig. 24 exemplifies the order in which the
most important operations may best be conducted.
Those works which may proceed simultaneously are

state, etc., is referred to, and reasons for the adoption
of this precaution are as follows :—

(a) There is a greater possibility of disturbance in
carrying out work on the central battery than with
the magneto system.

(6) Workmen inexperienced in central battery work-
ing, although accustomed to the magneto system, may
not at first appreciate the greater care required.

(c) Operators transferred from a magneto to a central
battery switchboard do not at once obtain full pro-
ficiency and should be caused as little trouble as possible
from interference with working circuits.

All operations unconnected with the transfer such

A Commence-
Datel m < n t

** I Comple-
l tion

Order

Sections of work
to be carried (

out

TRANSFER FROM TO EXCHANGE.

SCHEME OF OPERATIONS AND WORKS TIME TABLE.

1

Provision of
new exchange

building

Installation
of new ducts

a S

Installation of new eschaoge
plant

Installation of
new cables and

preparation
oTcabie

distribution
lists

Testing and
labelling cable

circuits at
teeing points

Alterations to subscribers' apparatus and wiring

Erection of new open-line plant,
renewals, and alterations

Preparation of
subscribers'
switchboard
distribution

lists

Preparatory
work at new

exchange

Teeing Hues
into new
exchange

•

Final
preparations
for transfer

Training of operators

e

Transfer
operation

I

Chan îns; subscribers'
apparatus

Cutting away
tees, adjust-

ments to
underground

plant

Adjustments
to open-line

plant

FIG. 24.

distinguished and a space is provided for insertion of
pre-determined dates by which completion is necessary.
A programme prepared on these lines will constitute
a guide to the responsible engineer and an aid in
•expediting the work.

In order to reduce to a minimum the liability of
interruption to which the service will necessarily be
subjected, it is preferable that the various works asso-
ciated with a transfer should be organized in such a
way that no work which can possibly be done before
the actual transfer be left until afterwards. Work
such as changing wires from one position to another
on open lines, re-arrangement of wires in underground
cables, making permanent any wires left in a temporary

as new subscribers' services, removals, and other work
of a similar character should be entirely suspended if
such a course be possible. Once the work of shunting
the lines into the new exchange has begun and the old
cable system has been disturbed, connection of new
lines introduces a disturbing element, creating delays,
additional expense, and increased risk of faults and
errors. It is recognized, however, that certain alter-
ations and additions are inevitable, but they should
be reduced as far as possible.

An essential to successful transfer is the preparation
of a complete programme embracing the whole of the
work involved in the final preparations and in the
actual transfer operation. This will guard against any
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essential operation or requirement being overlooked.
The following are headings recommended under which
a programme may be prepared :—

(a) General scheme of transfer.
(b) Particulars of special telephone arrangements.
(c) Schedule of junction-line transfer arrangements.
(d) Numerical list of subscribers for entry of final

test results.
(e) Testing arrangements for operating staff.
(J) Special arrangements for dealing with faults :—

(i) line ; (2) subscribers' apparatus ; (3) exchange.
(g) Staff arrangements, including names, duties, and

times of attendance of each lhember of staff taking part.
(A) List of service and other lines from which fibre

separators must be omitted from cut-off relays.
(j) List of permanently provided junction lines.
(k) Detailed instructions for each officer engaged in

the work of transfer, including those deputed to assist
in the transfer of junction circuits at distant exchanges.

(/) Separate list for each teeing point of lines from
which tees are to be cut away simultaneously with
removal of heat coils.

(m) List of subscribers whose premises will be closed
at the time of transfer.

(n) List of lines remaining through old exchange
sifter transfer.

The positions to be manned for the transfer operation
will be generally as follows :—

(a) Old exchange test-desk.

(b) Old exchange main frame.
(c) New exthange test-desk.
(d) New exchange main frame.
(e) Relay racks.
(f) Each exchange connected direct by junction lines

to the exchange to be transferred (unless the lines con-
cerned have been duplicated).

(g) New exchange faultsman.
(A) New exchange testing operator's position.
(j) Line fault control.
{k) Subscribers' apparatus fault control.
(/) Underground teeing points not closed in.
(m) Construction staff for removal of tees, if required.
I t is advisable that complete control of the transfer

operation should be vested in one individual situated
at one recognized point of vantage. The most suitable
position will no doubt be at or in close proximity to
the test clerk's desk.

In conclusion, the author desires to express his in-
debtedness and thanks, first to Mr. Elliott, Superintend-
ing Engineer for the Northern District of the Post Office
Engineering Department, for his kind encouragement
and assistance in connection with the paper; to Mr.
Edmonds, Superintendent of Traffic for the London
Telephone Service, for kindly reading through the draft
paper and for his valuable suggestions; to Mr. Bruce
for his assistance in the preparation of drawings, and to
various others who have, consciously or unconsciously,
assisted in the preparation of the paper.

DISCUSSION BEFORE THE INSTITUTION, 24 JANUARY, 1918.

Mr. A. J. Stubbs : I am glad that the author
dismisses the idea of transferring by groups of lines
independently, as compared with transferring the whole
at one operation. Even if there be two exchanges
to be transferred and combined into one, it is still
good practice that both be transferred simultaneously.
His method of transferring existing line plant by teeing
direct from cables, etc., is undoubtedly sound practice
wherever it can be applied. The teeing of lines at
the old exchange does not seem to present any appre-
ciable advantage over arranging for the transfer by
excluding that exchange. Also, transferring via the
new exchange would be likely to be almost invariably
somewhat expensive, because the incoming cables
and the main distribution frame at the new exchange
would have to provide for double the number of lines
to be transferred. Although the author does not seem
to favour the scheme that he describes when the plant
between exchanges is limited, it appeals to me as being
good engineering and distinctly economical—a method
well worth maintaining as recognized procedure.
Dealing with the preparatory work at subscribers'
stations, his practice of completing the change at the
private branch exchanges in advance is undoubtedly
good. As regards the transfer of ordinary subscribers,
the only comment that I would make is that we are
now having to face a qualifying condition, when trans-
ferring to an automatic exchange, where it is impos-
sible to leave the old instrument by itself as we must
give the calling device of the automatic system. In

that case, however, we economize by making the con-
denser of the new set serve for the purposes of the
transfer while the old instrument is still in use.

Mr. A. Moir : A paper such as this emphasizes
the great difference between the practices of the two
sides of electrical engineering, i.e. power supply and
telegraph and telephone engineering. It is this great
difference which accounts for the very large amount
of detail which the author has had to introduce into
the paper. In the smaller details of so vast an opera-
tion it will always be possible for differences of- opinion
to exist, and I might illustrate that by saying that
I slightly disagree with the author's remarks on page
394 of the paper. He disconnects the contact stops
in the cut-off relays by inserting a fibre separator,
which is removed after the transfer has been carried
out. I prefer to insert a small wooden peg under
the spring of the relay, which is similarly pulled out
when the transfer is carried out but which has the
advantage that it does not interfere in any way with
the contact points of the relay, so that there is no
possibility of leaving, as sometimes happens, a small
portion of fibre on these important contacts. I would
just add a few words of advice to those who may be
placed in charge of a big transfer. First, on no ac-
count allow the fittings for the new exchange to be
delivered in the new building until the bricklayers
and plasterers have finished and the walls are per-
fectly dry. Nothing lowers the insulation of the
multiple so rapidly as damp walls, and nothing is so


